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Global Warming And Hydrolegic Cycle Connection
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Global Climate: Past Decade and Prediction of End of 21°" Centaury

000-2009

om ,_'

2

DRY CONDITION WET
| e bl -
Fair Question:
Where does all the
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Regional Climate Trends and Scenarios: The Southwest U.S. Sls¥

Precipitation

e “Precipitation does not exhibit any obvious long-term trends for
the Southwest U.S., except for Fall, which shows a slight upward
trend. Trends are not statistically significant for any season.

e The region experienced its wettest conditions in the 1980s and
1990s (coinciding with a shift in Pacific climate in 1976, after
which EIl Ninio became much more frequent), but has dried in the
last decade.

Extremes
e There is not a statistically significant trend in the occurrence of
= €Xtreme precipitation events in the Southwest.”

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Recently Released IPCC Report (ARS) - Sept. 2013

ipcc

NTIRGOVERNMENTAL PANEL on ClimaTte chanee

“It is likely that since 1950 the number of
heavy precipitation events over land has
increased in more regions than it has

decreased.”

“ eeeeees. there continues to be a lack of
evidence and thus low confidence
regarding the sign of trend in the
magnitude and/or frequency of floods on a
global scale”

WORONG GROUP | CONTRIBUTION TO THE

FIETH ASSESSMENT REPORT OF THE @ @

INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE wro UNEP

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



A Key Requirement!

‘ipitation Measuremeé
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Push towards High Resolution ( Spatial and Temporal) Global
Observations and Modeling
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Satellite

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Coverage of the WSR-88D and gauge networks

‘ Daily precipitation
1 km AGL gages (1 station per 600 km”"2
for Colorado River basin)
Maddox, et al., 2002 hourly coverage

even more sparse

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Space-Based Observations




Satellite Data for Precipitation estimation

Geostationary IR
Clond top data

15-30 minute temporal
resolution

Passive Microwave (SSM/ 1)

Some characterisation of rainfall

~2 overpasses per day per

Spacecraft, moving to 3-hour return time

(GPM)

TRMM precipitation RADAR
3D imaging of rainfall
1-2 days between overpasses

( 5-35°N-35 °)

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Precipitation Estimation from Remotely Sensed Information

M&uml Networks (PERSIANN)




Real Time Global Data: Cooperation With UNESCO
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Many Features provided to users
with Public Domain Software.
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Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Daily precipitation (mm/day) of Typhoon Haiyan

Tracking characteristics
of Typhoon Haiyan

Max

Precip. Total

Intensity Volume
Date (mm/d) (km3)

11/3/2013 243.67 143.254

11/4/2013 265.65 114.829

Precipitatio
n (mmlday)

11/5/2013 332.88 108.398

11/6/2013 328.25 150.658

11/7/2013 360.94 184.89

11/8/2013 320.47 126.253

11/9/2013 220.7 53.126

11/10/2013 130.69 24.673

11/11/2013 70.27

UCIrvme‘

Center for Hydrometeorology & Remote Sensing, University of California, Irvine



PERSIANN Satellite Product On Google Earth

* Google Earth
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GP M A n i m a ti On Courtesy: NASA's ESE

GCOM-W1

NPP

NOAA-19

UClIrvine

University of California, Irvine

Center for Hydrometeorology & Remote Sensing, University of California, Irvine






US Duaily Precipitation Validation Page

http://www.cpc.ncep.noaa.gov/products/janowiak/us_web.html
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PERSIAN,. NOAA’s Climate Data
Record (CDR) Program

PRECIPITATION ESTIMATION FROM REMOTE SENSING
INFORMATION USING ARTIFICIAL NEURAL NET\WORK

Home Operational C[j

CLIMATE DA

»rane”

> Serving the Public

> Data n Environmental Satellites: Interim
ated. The first step in establishing
b dataset itself, and supporting

opers Guidelines.

> Development Guidelines §

> ContactUs Atmospheric, Oceanic, and

eratures) that have been improved

News DRs are geophysical variables
" ; i | . specific to various disciplines.
Congratulations Cheng-Zhi - < - y s | utput.

2013 CDR Annual Meetings ! - . |
Presentations now availabl : = ce
de

Documentation

Algorithm Description

PERSIANN CLIMATE DATA SOME USES OF THE PERSIANN Data Flow Diagram
RECORD SPECIFICATIONS CLIMATE DATA RECORD Maturity Matrix
. O.ZlS-deg 0.25-deg (60 ?-60 N . Cll‘matologlsts‘can performllong-term (.:Ilmate studies at Algorithm Description
latitude and 0°-360° longitude) a finer resolution than previously possible. ,
* Daily Product * Hydrologists can use PERSIANN-CDR for rainfall-runoff Data FVIO“ v D'ag fam
* 1980—present modeling in regional and global scale, particularly in Maturity Matrix
* Updated Monthly remote regions.

: . : Algorithm Description
* Performing extreme Event Analysis (intensity, Data FI Di

frequencies, and duration of floods and droughts). — 2l = ot '39 St
* Water Resources Systems Planning and Management Maturity Matrix

INPUTS TO THE PERSIANN PERSIANN CLIMATE DATA RECORD Algorithm Description
CLIMATE DATA RECORD http://www.ncdc.noaa.gov/cdr/operationalcdrs.html Data F-IOW D'a_q ram

* GridSat-B1 CDR (IRWIN)

* GPCP 2.5-deg Monthly Data CLIMATE DATA RECORD

Algorithm Description
Data Flow Diagram
Maturity Matrix

PROGRAM INFORMATION
http://www.ncdc.noaa.gov/cdr/index.html

www.climate.gov

Center ‘ ‘ www.ncdc.noaa.gov




Global Drought Monitoring B 2 2%

Monitoring global “abnormal” wetness and dryness conditions using Standard Precipitation Index

(SPI) method from GPCP 2.5-deg monthly (top) and PERSIANN-CDR 0.25-deg daily (bottom)
for the period of 1983-2012. NOTICE the difference in spatial resolution

GPCP 1-Month SPI for 12/2012

GPCP 2.5-deg monthly

120W BOW o

exceptionaly dry  extremely dry severely dry moderately dry abnormally dry near normal

PERSIANN-CDR 1-Month SPI for 12/2012

PERSIANN-CDR 0.25-deg daily

 —

605 1 -
. 180W 120 BOW 0 BOE 120E 180E
H. Ashouri L I I R N e

exceptionaly dry extremely dry severely dry moderately dry abnormally dry near normal abnormally moist  moderately moist wvery moist extremely moist  exceptionally moist

éenter UCIrvine

University of California, Irvine



UC-I Global Drought Monitoring System

Global Integrated Drought Monitoring and Prediction System (GIDMaPS)

Map Layers

¢ Drought Monitoring
Seasonal Prediction

Data Set:

MERRA v
Year:

2012 v
Month:

August v
Index:

SPI v

Wo w1 W2 W3 W4

http://drought.eng.uci.edu/

A. AghaKouchak Group

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



UC-I Global Drought Monitoring System

Global Integrated Drought Monitoring and Prediction System (GIDMaPS)

1 D4 D3 D2 DI DO Wo Wi W2 W3 W4

http:/7drought.eng.uci.edu/

A. AghaKouchak Group

nd Remote Sensing, University of California, Irvine



H Xdrologicallx-Relevant Climate Variables

Whar Dy "/ dels Tell Us
About Fy, recipitation
Pariernsiand Amounts?




Drought Predictability

Current Skill User Needs

10000 km

1000 km

High

100 km

10 km ‘ \ \
\e
lget®
AT T

Minute Day Week Season 1yr 10 yrs 100 yrs
Time Scales

Spatial Scales

Provided by Siegfried Schubert 2011



Recent Evaluation of RCM/GCM over Western U.S.

\/ .
Wei Chu 2011 Current period:1971-2000

ClimataModeis Future period: 2041-2070
Regional Models GFDL CGCM3 HADCM3 CCSM
CRCM = Spatial Res.: 50 km
ECP2 = Temporal Res.: daily
HRM3 = . .
MM Vg : Aan
RCM3 = 4f
WRFG = |7

Outputs of six RCM/GCM sets: |
North American Regional Climate Change

Assessment Program (NARCCAP)

38F

w
N
T

Emissions Scenario:

30 1 1 1 L L I 1 ] I :
-130 -128 -126 -124 -122 -120 -118 -116 -114 -112 -110

A2: regionally oriented

and fast economic growth study region

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Recent Evaluation of RCM/GCM over Western U.S.

Models indicate different signs and magnitudes of changes in the mean
precipitation over the Western U.S. under the SRES A2 emissions scenario.

n

Change (%)
O

MM5I/CCSM WRFG/CCSM  ECP2/GFDL HRM3/HADCM3 RCM3/CGCM3 CRCM/CGCM3

Trend of area-average precipitation (comparing 2040-2070 with 1970-2000)

Wei Chu 2011




IRI 3-Month Multi-Model Probability Precipitation Forecast

IRl Multi-Model Probability Forecast for Precipitation
for February-March-April 2014, Issued January 2014

80N
D
5 D
60N
40N D
20N D
O
o
Eo-
=4
205 -
4054
89S Colors show probability
of most likely category
aps] White indicates climatology
D Dry season (no forecast)
L) L) J L 1 ] L L
160W 120W 80W 40W 0 40E 80E 120E 160E

Probability (%) of Most Likely Category

Below-Normal Normal Above-Normal
C T T (1 1T T
40 45 50 60 70 40 40 45 50 60 70

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Recent Assessment of Seasonal Climate Forecasts

Quoting from

Science, Vol. 321, | [ jyezey & Timofeyeva - BAMS, June 2008.
15" August 2008

e “About the only time forecasts had

any success predicting precipitation
was for winters with an El Nino or a

La Nina”

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



ENSO Example: South Coast California

. 2.5 3
JUNE—NOVEMBER SO (TAHITI MINUS DARWIN) / Wet.
aNing” ------------ >

South C t California October thru March Precipitati * o
> (ver‘osﬁss%.u;;rr?ror;l;latiofw ﬁwdg fDrr;‘riDr?Eﬁe - Nrnevzlralbear)lon El Nan Wlnters
5 Years use
'V e " 535754 may be very wet.
1996/97
82183\e “ 4
- L. C_orr;lg%mn .
g o - Very wet winters
= R are typically El
| ] Nino winters, but
% ° — 18.14" nOt alwaySooo
E 16 ) —
e A -
: ol | ¢ * I\ La Nina winters
S 1 ] & .4 ® .
_"r o \ o ! - 971"  are typically dry,
® ®
L ¢ | \&Z b | but reliably not

P S— El Nino | neither |
WRCC

Original idea of scatterplots By: Redmond and Koch 1991

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Hydrologically - Relevant Remote Sensing Missions

TRMM
The Tropical Rainfall Measuring Mission

%;‘L “
&\\\\ &-P'"' f':ﬁ’\x : "-" - f‘ “
} el
7/ ;‘ A GRACE
) [é’,\{; ,;" : & Gravity Recovery and Climate Experiment (2002)

¢ W
(3 - 7

GPM
Global Precipitation Measurements (2014)

MODIS
Moderate Resolution Imaging Spectroradiometer
Surface Water and Ocean Topography (2020) (1999) , (2002)

Center for Hydrometeorology and Remote Sensing, University of California, Irvine
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Landslide Risk map:
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What is the Message?

» Despite advances to date, predicting the future
Hydro-Climate variables will remain a major
challenge:

1d observing and modeling its
' ballenging. So, “have a

critical, especially for model verification.
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omewhere in New Mex@, USA - Photo: J. Sorooshia
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Back up slides

Center for Hydrometeorology and Remote Sensing (CHRS)



Bias Adjustment of PERSIANN Estimates

PERSIANN Hourly Rainfall

High Temporal-Spatial Res.
i‘loud IIr,tfraref Images Artificial Neural Network e g«q 25°%0:23%) .

w GridSat-B1 IRWIN A "(/ y [71

NN
NN

A

1111
T
|

ooooo-oloo-ocooo

0000000000000 0000000000000000

Adjusted PERSIANN 3-Hourly
Ramfall (0 25°x0. 25°)

GPCP Bias
Adjustment

Spatiotemporal
Accumulation

GPCP Monthly Precipitation (2.5°x2.5°)

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



CHRS Web Usage Stats

« G-WADI interface usage: http://fire.eng.uci.edu/gwadi_stats.html
Number of Distinct hosts served: 44,067 (Since Jan.1, 2010 )

Year #requests #pages Volume (GB)
2010 663,957 116,599 348.39
2011 970,985 203,599 366.51
2012 1,391,260 305,269 390.09
2013 (10/17) 1,664,713 264,864 417.58

 HyDIS interface usage: http://fire.eng.uci.edu/hydis8 stats.html
Number of Distinct hosts served: 13,231 (Since Jan.1, 2010 )

Year #requests #pages FTP d/loads
2010 238,771 101,202 835
2011 313,328 201,640 1086
2012 311,953 225,850 1521
2013 (10/17) 137,154 71,056 1585

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Daily precipitation (mm/day) of Typhoon Haiyan

Tracking characteristics
of Typhoon Haiyan

Max

Precip. Total

Intensity Volume
Date (mm/d) (km3)

11/3/2013 243.67 143.254

11/4/2013 265.65 114.829

Precipitatio
n (mmlday)

11/5/2013 332.88 108.398

11/6/2013 328.25 150.658

11/7/2013 360.94 184.89

11/8/2013 320.47 126.253

11/9/2013 220.7 53.126

11/10/2013 130.69 24.673

11/11/2013 70.27

UCIrvme‘

Center for Hydrometeorology & Remote Sensing, University of California, Irvine



Typhoon Haiyan — Total Accumulated Precipitation (mm)

Precipitation
(mm)

100-125
125-150
150-200
200-300
300-400
400-500
500-600
>600
C ML NO data
100°0'0"E 110°0'0"E 120°0'0"E

Irvine

Center for Hydrometeorology & Remote Sensing, University of California, Irvine LUCIWIH.Q,



Basin Scale Precipitation Data Merging
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Runoff Forecasting from Gauge, PERSIANN, and Merged Rainfall

W
S
S

Streamflow (m°/day)

100 b Gauge Rainfall —
50 —
_ 100 =250 =00 =SS0
3 r x r v v x
‘§ 100 |- Satellite: PERSIANN Rainfall _
S50 I I I I | l I | I " -
= al | I} M | .
S O 100 ==0 =00 =s0
=
3
= Merged Rainfall ’ ) ) "
100 | erged Rainfa ]
501 ]
— 100 =250 =00 =SS0
1000 ' = Gauged Rain Simulated
- Gauge PERSIANN Merged Satellite-based Rain Simulated
RMSE 51.82 34.91 CMSD = Merged Rain Simulated
— = Observed
750 -3.52 CMSD

W)

Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Large-Scale Irrigation and Incorporation in Models

Impact of Irrtgatton “"‘"ﬁ




“Observed” vs “Model-Generated Data

Irrigation areas CIMIS stations
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Studies over California’s Central
Valley Irrigation Region

Sorooshian et al. 2011 & 2012

Center for Hydrometeorology and Remote Sensing, University of California, Irvine




Actual ET comparison-spatial distribution — JJA 2007

-120  -1210  -1200  -1190  -118.

5 10 15 20 25 30 35 50 75 100 125 150 175 200 225 250 275 300

Monthly ET (mm/month)

Results from MMS5, with more realistic irrigation scheme, show significant
improvement in capturing ET over irrigated Central Valley in California
a(Compared to MODIS - ET estimates). MM5F overestimated.

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Actual ET Estimates From Different Data sets— ji4 2007

Al (I
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Lietal 2011

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Mean skin surface temp. at daytime in June, July and August, 2007.

122W 120w 122W 10W 122W  120W 122W  120W

21 24 27 30 33 36 39 42 45 48 51 54 57

Skin Temp. (°C)

Adding irrigation into RCM (MMY5), Improves the model s ability to
simulate, more closely, the temperature patterns observed by MODIS

Sorooshian et al, (JGR 2011)

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



In a nutshell!

 ET Underestimation by MMJ5 control run is roughly about 10
million Ac-Ft of water/yr

* ET Overestimation by MM5 with “full-saturation” irrigation is
about 6.5 Million Ac-Ft/yr

* Use of the realistic irrigation scheme results in only 1.5 Million
Ac-Ft/yr of overestimation.

placed in Societal context :

Roughly speaking, the amount of ET underestimation
equals supply requirement of 13 million households and

the overestimation covers the needs of 9 million
households per year.

Center for Hydrometeorology and Remote Sensing, University of California, Irvine



MODIS Snow Depthnches for California

Snow Depth '@' sSnow Depth
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Center for Hydrometeorology and Remote Sensing, University of California, Irvine



Current Snowpack: After Early February Storm
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Spatial-Temporal Property of Reference Error

oG T

40N

7

w g,

1°x1°, Daily
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Satellite Rainfall Estimation for Operational Use
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Satellite Rainfall Estimation: Research at UC Irvine
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Precipitation Estimation from Remotely Sensed Information using
Artificial Neural Networks (PERSIANN,

PERSIANN System “Estimation” Products
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